INTRODUCTION
In the recent years, consumers have become more concerned about the processed food they eat. Syntehtic preservatives, which have been used in foods for decades, may lead to negative health consequences (1) . Besides, the use of synthetic compounds have significant drawbacks, such as increasing cost, handling hazards, concerns about residues on food and threat to human environment (2) . Therefore, there has been increasing interest to replace synthetic preservatives with natural, effective and nontoxic compounds. Those are, in the first place, extracts and essential oils (EOs) of spices and herbs (3) . As natural foodstuffs, spices and herbs appeal to all who question safety of synthetic food additives and demand high-quality products that at the same time are safe and stable (4) .
Spices and herbs have been added to food since ancient times, not only as flavouring agents, but also as folk medicine and food preservatives (5) (6) (7) . Spices occupy a prominent place in the traditional culinary practices and are indispensable part of daily diets of mil- 3 ), and the minimum inhibitory concentrations (MICs) were recorded. The MIC was expressed as microlitres of EOs per volume unit of atmosphere above the organism growing on the agar surface, and it was defined as the lowest concentration which made clearly visible inhibition zone. Results are summarised at Table 1. Thirteen of the 27 EOs were active at least against one bacterial strain in the range of tested concentrations. The most effecient was Armoracia rusticana (horseradish), which Zhang et al. (23) studied the antibacterial properties of 14 EOs (clove, oregano, rosemary, pepper, nutmeg, liquorice, turmeric, aniseed, cassia bark, fennel, prickly ash, round cardamom, dahurian angelica root and angelica) against four common meat spoilage and pathogenic bacteria (Listeria monocytogenes, Escherichia coli, Pseudomonas fluorescens and Lactobacillus sake) and their results showed that individual extracts of clove, rosemary, cassia bark and liquorice contained strong antibacterial activity, but the mixture of rosemary and liquorice extracts was the best inhibitor against all four types of microbes. These herb extracts are widely used in the food industry and are generally regarded as safe (GRAS). Hence, they may be considered as natural preservatives acceptable by the food industry.
There has been several more general studies about antimicrobial activity of EOs. One of them is the work of Gutierrez et al. (24) , who evaluated EOs of lemon balm, marjoram, oregano and thyme, and applied them on food model media based on lettuce, milk and meat. Minimum inhibitory concentrations were determined against Enterobacter spp., Listeria spp., Lactobacillus spp. and Pseudomonas spp. According to the results, shown in Table 2 , the average efficacy of EOs against Listeria spp. was in the following order: oregano>thyme> lemon balm, while the efficacy order of EOs against the spoilage bacteria was: oregano>thyme> marjoram. As has been shown by some other researchers, the use of antimicrobials can reduce or eliminate specific microorganisms but it may also produce favourable conditions for other microorganisms (25) . It is recognized that this situation is less likely to develop towards substances that have more than one mode of action (26) , so it is suggested that the antimicrobial activity of EOs is attributed to more than one mechanism (27) . Thus, combining EOs could lead to useful efficacy against both spoilage and pathogenic target organisms. Gutierrez et al. (24) Table 3 . Results from Table 3 show that -with reference to the FIC scale -no synergistic effect (<0.5) was found, but addition occurred with a number of combinations. More incidence of additive effects was found with EO combinations against Listeria strains. Combinations of oregano with thyme or lemon balm were more effective against Listeria monocytogenes. The combination of thyme with lemon balm had greater efficacy against Listeria innocua. Only one combination (oregano with thyme) had additive effects against both spoilage microorganisms. No antagonism was observed for any of the combinations evaluated. These results can be observed as an addition to some earlier studies of the same author, Gutierrez et al. (28) , considering the synergistic effect of marjoram and thyme with some other EOs (Table 4) . For successful applications of EOs in different food systems, potential interactions between EOs and food components have to be determined. There is a number of examples where some studies have shown that plant extracts are useful for reduction of pathogens in some food product, while others reported very low antimicrobial activity or no effect when the same EOs were applied to other product. Thus, the application of plant EOs requires the evaluation of efficacy within food products or in model systems that closely mimic food composition, because the efficacy of many antimicrobials may be reduced by certain food components (29) . This was also investigated by Gutierrez et al. (28) . In this complex task, they studied the effect of food ingredients and pH on the antimicrobial efficacy of EOs using a number of model media and L.monocytogenes IL323 as indicator strain. The EOs used in the study were oregano (30 ppm) and thyme (60 ppm), and they were assessed independently. Results, expressed as lag phase duration and maximum specific growth rate of L. monocytogenes, are shown in Table 5 . The lag phase of Listeria monocytogenes grown in beef extract containing oregano was longer than the control at protein concentrations of 6% and 12%. The efficacy of oregano and thyme was greater at higher concentrations of protein, probably because peptones from beef extract may have hydrophobic properties which facilitate dissolution of EOs in this medium.
In addition, the growth rate of L. monocytogenes decreased at higher starch concentrations. The EO efficacy was reduced at high concentrations of starch, in contrast to the general observation that carbohydrates in foods do not protect bacteria from the action of EOs as much as fat and protein do (30) 
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The growth of L. monocytogenes was monitored in model media containing four different sunflower oil concentrations (0, 1, 5 and 10%), in order to determine effect of oil on the antimicrobial activity. High concentrations of sunflower oil had a negative influence on the antimicrobial activity of oregano and thyme EOs.
Effect of pH was evaluated using TSB at pH 4, 5, 6 and 7. L. monocytogenes did not grow at pH 4. The lag phase of Listeria grown in pH model media with EO was longer than in EO free controls, especially at pH 5, however, the lag phase was also greatest at pH 5 in control media. The growth rate of L. monocytogenes increased at higher pH values, regardless of the presence or absence of EOs. Some previous studies showed that the inhibitory effect of plant extracts was greater at acidic pH values (31) . The susceptibility of bacteria to EOs appears to increase at lower pH since the hydrophobicity of EOs increases at low pH, enabling consequently easier dissolution in the lipids of the cell membrane of target bacteria (32) .
Antifungal activity of EOs
All mentioned investigations have demonstrated anibacterial properties of EOs against pathogenic and spoilage bacteria in food. However, the presence and growth of fungi in food may also cause spoilage and result in a reduction in quality and quantity (33) (34) (35) (36) (37) (38) (39) . As reported by a number of authors (38) (39) (40) (41) (42) (43) (44) (45) , some Aspergillus species are responsible for many cases of food and feed contamination, and Aspergillus flavus and Aspergillus parasiticus are able to produce aflatoxins in food and feedstuffs, which are known to be potent hepatocarcinogens in animals and humans (46) . Aspergillus flavus Link and Aspergillus parasiticus Speare are major storage fungi found regularly in important cereal grains cultivated and stored throughout the world (47), which produce aflatoxins B 1 , B 2 , G 1 and G 2 . The biosynthesis of aflatoxins can be inhibited by extracts and EOs from certain plants toxic to fungi and can control the fungal growth and mycotoxin production. (48) .
Omidbeygi et al. (49) evaluated the antifungal activity of three EOs (thyme, summer savory and clove) in culture medium and as a real system in tomato paste (in vitro and in vivo). Results clearly showed that in vitro each EO had notable antifungal activity. Thyme EO has the highest antifungal activity, followed by summer savory and clove EOs. Complete inhibition of growth of Aspergillus flavus was observed at 350 and 500 ppm of thyme and summer savory EOs, respectively, while 500ppm of clove oil had inhibition of 87.5%. In vivo studies was performed in tomato paste, and while in vitro experiments showed that 500 and 350ppm of thyme oil could inhibit the growth of A. flavus completely (100%), inhibition in tomato paste were 87% and 42%, respectively. Also, in other treatments inhibition in tomato paste was lower than in culture medium. It has probably been related to the more complex matrix of tomato paste than culture medium. However, the need to use plant EOs at higher concentrations in food than in laboratory media is believed to be due to the more complex growth environment in food, which provides microbial cells with greater protection from antimicrobial agents. 223 and aflatoxin production. Results, expressed as mycelia dry weight and aflatoxin production in basal medium, are summarised in Table 6 . The EOs of sweet basil inhibited completely mycelia growth and prevented aflatoxin formation at the concentration of 5% (v/v). At the same concentration, oils of cassia and bay leaf reduced the aflatoxin concentration (B 1 +G 1 ) of the fungus to 0.002 µg/ml (97.92%) and 0.043 µg/ml (55.21%), respectively. Cassia and bay leaf EOs stimulated the mycelia growth of the fungus, while coriander oil did not have any effect on either the mycelia growth or aflatoxin content of the fungus.
Tzortzakis et al. (51) , tested antifungal activity of lemongrass (Cympopogon citratus L.) oil (range concentration between 25 and 500 ppm) against Colletotrichum coccodes, Botrytis cinerea, Cladosporium herbarum, Rhizopus stolonifer and Aspergillus niger in vitro. Oil-enrichment resulted in significant reduction of the subsequent colony development for the examined microorganisms. Fungal spore production was inhibited up to 70% at 25 ppm of lemongrass oil concentration when compared with control samples (equivalent plates stored in the ambient air). At the highest oil concentration (500 ppm), fungal sporulation was completely retarded (Table 7) . Lemongrass oil reduced spore germina-tion and germ tube length of C. coccodes, B. cinerea, C. herbarum and R. stolonifer with the effects dependent on oil concentration. This study indicated that EOs may possess antifungal activity and can be exploited as an ideal treatment for future plant disease management programs eliminating fungal spread.
Viuda-Martos et al. (52) , investigated the effect of the essential oils of lemon (Citrus lemon L.), mandarin (Citrus reticulata L.), grapefruit (Citrus paradisi L.) and orange (Citrus sinensis L.) on the growth of moulds commonly associated with food spoilage: Aspergillus niger, Aspergillus flavus, Penicillium chrysogenum and Penicillium verrucosum, using the agar dilution method. The essential oils of lemon, orange, mandarin and grapefruit at the concentrations assayed (0.27-0.94%) all showed the capacity to reduce or inhibit the growth of the named moulds. The growth of A. niger was completely inhibited when a concentration of 0.94% of any of the EOs was used. Orange EO produced the greatest reduction in mycelium growth with this fungus, and it is followed by lemon EO, then the mandarin, while grapefruit EO caused the lowest percentage of mycelial reduction in A. niger. In the case of A. flavus, efficacy of EOs was in the following order: mandarin>lemon>grapefruit>orange, while total inhibition of growth was obtained with all the EOs at the highest concentrations of 0,94%. The same concentration for growth inhibition was found for P.verrucosum and P.chrysogenum, and the order of oil efficacy against these moulds was grapefruit>lemon>orange>mandarin. In the study of Vilela et al. (53) , the Eucalyptus globulus Labill. EO and its major compound 1,8-cineole were evaluated for antifungal activity against A. flavus and A. parasiticus, as well as on aflatoxin production. Results of this study showed that Eucalyptus globulus oil had clear dose-dependent antifungal activity on both fungal species. Complete fungal growth inhibition was verified at the concentration of 50 ml oil per millilitre of medium in the contact assay. The antifungal activity offered by 1.8 cineole only showed effects at the highest concentration tested, which indicated the major oil constituent is not the only component responsible for limiting fungal growth. Inhibition of aflatoxin B 1 production required a higher oil dose than was required for inhibition of fungal growth.
Škrinjar et al. (54) examined an inhibitory effect of various concentrations (0.0, 0.5, 1.0, 1.5 and 2.0%) of mint (Mentha piperita L.) and caraway (Carvum carvi L.) on the growth of some toxigenic Aspergillus species and aflatoxin B 1 production. Mint showed stronger inhibitory effect than caraway. Concentrations of 1.0. 1.5 and 2.0% reduced the growth of all tested Aspergillus species, which was poor and hardly visible, while concentration of 2% of caraway was needed to achieve the same effect. The applied concentrations of mint and caraway inhibited completely the production of AB 1 by Aspergillus flavus.
Yeasts are widely distributed in nature and are able to spoil many foods such as wines, cheese, vinegar, beverages, juices, fruits, salads, sugar and meat, causing changes in odour, colour, taste and texture (55) . Many of data indicate the EOs inhibitory effects of various spices and herbs on these microorganisms.
The study of Souza et al. (56) , aimed at verifying the effectiveness of oreganum (Origanum vulgare L.) EO to inhibit the growth/survival of various food spoiling yeasts. Results, expressed in millimeters of yeast growth inhibition halos, are shown in Table 8 . The results showed that the EO had a substantial inhibitory effeect on all assayed yeast strains, noted by large growth inhibition halos. Most assayed strains showed an MIC of 10 µL/mL. The highest inhibitory activity was observed against P. minuscula (the lowest MIC of 5 µL/mL) and the largest growth inhibition halos. On the other hand, S. cerevisae and C. krusei were the least sensitive yeasts with an MIC of 20 µL/mL; however S. cerevisae showed the smallest growth inhibition halo diameters when compared to all other strains. This high antimicrobial activity of O. vulgare EO supports the results found by other researchers (57, 58) .
CONCLUSIONS
Food contamination is enormous public health problem, but it could be controlled by the use of natural preservatives such as essential oils obtained from spices. The fact that many EOs possess antimicrobial activity has been proved by plenty of investigations in the recent years. The type and optimal concentration of EO depend on the product used and against which species of bacteria or fungi it is to be used. But if EOs are expected to be widely applied as antibacterials and antifungals, the organoleptical impact should be considered as the use of naturally derived preservatives can alter the taste of food or exceed acceptable flavour thresholds. The problem may occur if high concentrations
